Abstract Viruses have short replication cycles and produce genomic variants within a host, a process that seems to adapt to their specific host and also enable them to infect new hosts. The recent emergence of viral genomic variants from the circulating pool within the host population and re-emergence of the old ones are posing serious threat to agriculture, animal husbandry and humanity as a whole. This review assesses the potential role of genomic and proteomic tools that can monitor not only the course of infection and pathogenesis, but also predict the pandemic or zoonotic epidemic potential of a virus in a previously exposed or immunologically naive biological population.
Introduction
In the recent times, new pandemics are mostly viral in nature. Viruses represent a serious problem faced by humanity, livestock and agriculture. New viruses constantly emerge/re-emerge while old ones evolve to challenge the latest advances in antiviral pharmaceutics and thus generate tremendous social alarm, sanitary problems, and economical losses in the modern world. Viral evolution involves rapid mutation, recombination, and reassortments within their genomes, and combinations of these events produce complex and phenotypically diverse populations of viruses, that constitute a raw material on which natural selection acts [12] . Owing to this intrinsic capacity for genetic changes, viruses evolve their fitness level rapidly, and therefore are able to parasitize alternative host species. The recent growth of genome/proteomebased data from both viral pathogens and their hosts can now complement classical epidemiological, clinical, and pathological studies all together to predict virus evolution, host-virus interactions (viral adaptation), interspecies transmissions, and possible emergence of a virulent/pandemic strain [21] .
Viral epidemiology and pandemics
Viral pathogens that are causing serious pandemics or posing to cause one are the Human immunodeficiency virus 1 (HIV-1) causing AIDS, hepatitis viruses (HBV and HCV) causing chronic hepatitis and hepatocellular carcinoma, Dengue virus (DENV) causing Dengue hemorrhagic fever, SARS coronavirus (SARS-CoV) causing respiratory disease and Influenza A virus (subtypes H5N1, H1N1, swine origin-Influenza A Virus/SO-IAV) causing flu. Researches into the origin and future of viral pandemics are possibly largely inadequate owing to their complex aetiologies, especially in the case of RNA viruses. For example, flu viruses show seasonal and sudden emergence, explosive growth, and sudden remission [10] . Although we still do not have an effective vaccine, the prospects of controlling HIV/AIDS pandemic appear brighter with the accumulation of genomic data, phylogenetic delineation of its origin and studies on its molecular epidemiology [27] .
Viral epidemiology: from early to current age Historically, viral epidemiology has been performed with substantial success by virus isolation through inoculation of tissue cultures, serological methods (complement-fixation, haemagglutination-inhibition and antibody detections) employed both in cross-sectional (covering diverse geographical localities) and longitudinal (within families) surveys. Virus isolation is both costly and a time consuming method which needs special laboratory facilities and expertise. Serological techniques, on the other hand, are sometimes misleading owing to pathogen's cross-species reactivity and ubiquitous presence of antibodies as against co-evolving viruses. Transmission electron microscope (TEM) had been instrumental in morphological characterization and identification of many clinically important viruses in the 1970s and 1980s [48] . However, developments in immunofluorescence imaging techniques, enzyme-linked immunosorbent assays (ELISA), reversetranscriptase polymerase chain reaction (RT-PCR) have gradually replaced TEM in virus diagnosis in veterinary and human medicine [48] . In the last three decades, detection of viral nucleic acid and phylogenetic analyses based on nucleotide and amino acid sequence divergences have substantially improved the conventional epidemiology and the tracking of viral transmission/evolution of a disease in the human and animal populations. These studies on viral phylogeography revealed the trends of viral evolution, shed light on the most important topics in disease epidemiology: predicting from what reservoir species and locations a new viral infection will emerge and spread in human populations in the future [32] .
Viral molecular epidemiology
Molecular phylogenetic studies and virus-host co-divergence analyses have been used to predict the origin, emergence and/or the re-emergence of a viral disease. The evolution of viruses is determined mainly by their relatively small genomes, enormous population sizes, and usually short generation times. Additionally, at least in the RNA viruses, large selection coefficients, antagonistic epistasis and high mutation rates govern the course of their evolution. Virus population (''quasi-species'') seems to exist as a dynamic collection of a large genomic variants maintained in equilibrium within the host which is subjected to intense selective forces, a strategy that would give rise to a progeny fitter to infect another host or to adapt to a host more effectively [13] .
The study of origin, evolution, molecular epidemiology, phylogenetic/phylogeographic and codivergence analyses in many important human viruses like HIV-1 [19, 29] , Human Papillomavirus [40, 42] , Human Polyomavirus [5, 47, 57] , Influenza A virus subtype H5N1 [6, 59] , Influenza A virus subtype H1N1 [43] , Hepatitis B virus [37, 45] , Hepatitis C virus [36, 49] , Dengue Virus [11, 50] , SARS Coronavirus [34] have been possible due to the development of sensitive and robust molecular detection methods like polymerase chain reaction (PCR), quantitative-PCR (Q-PCR), high-throughput DNA sequencing methods and bioinformatic tools in the past 25 years.
Phylogenetic analyses of viral genes and proteins
The most active and productive area of research in modern evolutionary biology is the study of the origins, emergence, and spread of viral infections in human populations [26] . These phylogenetic analyses, based on nucleotide data, have been more successful in RNA viruses owing to their high mutation rates in their genomes. Although rather less evolutionary work has been undertaken on the human DNA viruses, a great wealth of gene and genome sequence data from DNA viruses is gradually growing that might provide a powerful means by which their phylogenetic history and the mechanisms of evolution can be elucidated [15] . Molecular phylogenetic analyses and dating of origin and divergence of viruses are often inconsistent, being largely dependent on the assumption of the models of nucleotide/ amino acid substitution [56] . For elucidating the evolutionary relationships the use of nucleotide sequences especially DNA sequences, is well documented in many works [7, 8, 58] . Virologists require precise estimation of emergence/divergence of viruses and their subtypes to correlate these important events with historical demographic changes, geographical invasions, zoonoses, viral transmission pattern and its adaption to its host, all enabling the development of an effective antiviral strategy. At least for influenza viral subtype divergence there appears to be strong evidence that the process of sub-speciation is associated not just with large genomic changes but also with an accelerated finite process of its adaption to host [44] . Moreover, presently it is also difficult to understand the precise mechanistic basis of evolutionary strategy of RNA viruses, which maintain much higher mutation rates as opposed to the DNA viruses.
There are three general theories of origin of viruses: regressive, cellular and independent origin. Molecular phylogenetic analyses of viral nucleic acid and co-divergence analysis with their respective hosts are probably the only way of testing the contesting hypotheses at present [53] . While relatively ample fossil data of vertebrate hosts exists, co-divergence analysis of vertebrate hosts with that of the nucleotide divergence of their cognate viruses can throw some light on the time of origin of a virus when done Role of genomic and proteomic tools 307
on the basis of a constant molecular clock (constant mutation incorporation by DNA replication machinery). Although co-evolutionary studies have been successful in few small DNA viruses (parvoviruses, polyomaviruses and papillomaviruses), sequence analysis of RNA viruses pose some problem owing to high mutation rates in their genes and rapid emergence of reassortants. Still, predicting the future course of viral epidemiology or emergence of a new virus is difficult because evolution is probabilistic and the issues are complicated by several factors like host ecology, environmental parameters, human migration and land use patterns. Emergence of a new epidemic depends on several factors like, the ability of a virus to infect new host through mutation/reassortment of its genome, extent of contact between the host population and the virus reservoir and on host immunity. However, the genetic mutations that facilitate virus adaptation to new host are likely to reduce its fitness in the donor host [46] . Therefore the mechanisms that determine these ''fitness trade-offs'' may largely depend on host-virus interaction both at the genomic and proteomic levels.
With the rapid accumulation of genomic sequence data of both hosts and their viruses, and concomitant developments in transcriptomics, microarray-based SNP analysis, the current ''omic'' age provides a new vista for studying viral evolution, viral epidemiology, host immune responses and disease management, at least in some human RNA viruses (Influenza A, HIV, Dengue and SARS-CoV) [26, 32] .
Application of genomics and proteomics in the study of virus evolution and host-virus interactions
In the age of genomics and proteomics, important questions that demand answers from the virologists perhaps centres around interactions among viruses, intra and inter-host evolutionary trends, genome wide interactions within the viral genomes, ecological interference among different virus groups and virus-host adaptation dynamics [25, 39] . Molecular phylogenetic analyses based on key coding sequences or whole genomes, at least in small DNA tumour viruses are indicating interactions between similar viral genomes [4] . Application of genomic and proteomic tools thus is expected to improve our understanding of viral evolution, to improve prediction of disease outbreaks and subsequent managements, and to develop better vaccines and therapeutics [51] .
There can be a spectrum of host-virus interactions, while some viruses infect a broad range of species others infect only a specific host. Three steps are important in viral epidemic or pandemic-(1) introduction of a viral pathogen into a new host species, (2) establishment of the pathogen in the new host, and (3) dissemination of the pathogen among a large number of individuals of the new host species. All of these steps require adaptation of the virus to its new host in addition to several other modifying factors that allow the virus to get into a stable dynamic relationship with the host [2, 14] .
It has been postulated as early as 1961 that nucleotide composition of the genome strongly influences gene sequence evolution [55] and also that organisms evolve unique genetic signature shaped by specific genomic pressures giving rise to specific codon bias. Use of selective genetic codons or differential use of synonymous codons in gene expression is characteristic of a genome in a species [33, 54] . Therefore, analyses of the extent and causes of these unique codon choices and nucleotide composition are essential to understand viral evolution and virus-host interactions [52] . Recently, researches in codonusage and amino acid preferences in viruses have kindled interesting proposition with regard to fine-tuning of existing virus phylogenies and viral adaptation towards their hosts [3, 17, 31, 52, 60] . It is known at least in E. coli, Saccharomyces and Drosophila [17] , that codon-usage determines gene expression at the level of translation [24] . Recent studies on virus codon-usage patterns indicate that mutation pressure may be more important factor than translational selection in determining codon-usage bias [17] . The study of codon-usage patterns in viruses can be rewarding with respect to understanding not only viral gene expression and vaccine development but also virus adaptation, evolution and host-virus interactions [9, 17] . Adaptation to host codon-usage pattern can also help explain both tissue and species specificities of these viruses, and thus cross-species transmissibility [9] .
Codon-usage statistics have been used in identifying highly expressed genes in prokaryotes and yeast [16, 18] and have been shown to correlate with evolutionary distances between organisms, while atypical codon-usages seem to indicate horizontal transmission of genes between populations [41] . Translational selection and mutation bias are thought to have jointly shaped the favoured codonusage in many organisms [23] . It has been shown in many viruses that viral codon-usage profile is similar to their specific hosts or to abundantly expressed host gene, a viral mechanism to adapt to host-specific requirements [22, 35] . Amino acid distribution, distance matrices for similar amino acid distribution, host-versus-viral codon-usage comparisons have been used to delineate the pattern of virus gene expression, evolution of viruses and host-virus interactions. These studies are expected to explain emergence, adaptation and evolution of at least few important viruses [28] .
Virus adaptation to host can involve only few nonsynonymous mutations within key viral proteins that accompany substantial changes in host-gene expression patterns. It has been documented through in vivo experiments and DNA microarray-based host transcriptome analysis [1] . Evolutionary changes within the viral genome and interaction of viral genes with the host transcriptome can reveal the degree of adaptation of the pathogen to its host and to the environmental conditions. This revelation can predict the outcome of an infection of naive or experienced host population with an emergent virus strain. Prevalence of specific amino acid appears to be virus specific. Moreover, there is a preferential usage of only few codons for most prevalent amino acids, e.g., CGC in human viruses and AGA in bacteriophages for Arginine [3] for example. It has been documented that single amino acid change in a key position of H5N1 NS1 protein can markedly increase its pathogenicity through immune modulation in host [30] . Proteome-based studies have indicated that there is an enhanced diversity in amino acid usage among viruses, those that infect humans are not only adapted to human hosts but also show similarities to non-human mammals and non-mammalian vertebrates [3] .
Viruses also have a strong pattern of correlation with their host GC content; especially the bacteria, human and rat viruses share strong resemblances with their hosts in their codon-usage profiles [3] . Human viruses rather have conserved and unique codon-usages. Codon-usage adaptation of the viruses may be determined from the structural proteins; and proteins required for new host recognition show wide variation in codon-usage profiles with that of their hosts. Codon-usage preferences correlate with the abundance of the respective tRNAs, which is expected to affect translational efficiency of the gene product [3] . Thus, codon-usage profile may be correlated to viral gene expression patterns. A host infectivity-shift may occur in a well-adapted virus through a genetic adaptation process within their structural proteins, that are involved in host recognition. Therefore, the knowledge of viral codon-usage pattern and amino-acid preferences can enrich our understanding of viral evolutionary trends, host-switch mechanisms and disease transmissibility.
Proteomic methods like matrix assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-TOF-MS) and liquid chromatography linked tandem mass spectrometry (LC-MS/MS) are now being used to catalogue and characterize viral proteins, viral protein expression pattern in the host cell and compare it with host protein expression patterns, mostly in RNA and in few DNA viruses [20, 38] . In addition to the characterization of viral proteins these studies reported few host protein incorporations within viral architecture, significance of which is still to be understood. Effect of viral infection on host gene expression has been studied by DNA microarray-based transcriptome analysis, which has given us important insights with regard to this complex interplay of viral proteins and host metabolic networks (Fig. 1) . If gene-disease association is identified, target human/animal groups can be chosen for either vaccination or prophylaxis [21] .
Conclusion
It is gradually being realized that virus proteome interacts in a complex manner with that of the host proteome and understanding the nature and quantifying the effects of this interactions will be the cornerstone of future viral disease management and vaccine development. Genomic, proteomic and microarray-based transcriptome analysis can elucidate the gene-interacting networks in the virus-host interplay. Thus host-dependent selection pressure and mutation-dependent codon-usage preferences of the viruses will be instrumental in defining proper prognosis and health-care initiatives. Genomic, proteomic and bioinformatic tools, if applied to complement traditional epidemiology, can substantially improve viral epidemiology, trace geographic diffusion of a pathogenic and potentially hazardous virus and can play an important role in monitoring not only the course of an infection and pathogenesis but also in predicting the zoonotic epidemic potential of a virus in a previously exposed or immunologically naive biological population.
